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(57)  The need of implementing a second local oscil-
lator beside the drive oscillator, for timing the different
phases of the starting process of a half-bridge or bridge
stage driving an external load such as a fluorescent
lamp, is avoided by employing a timing counter to count

Timing of different phases in an ignition circuit

the number of oscillations produced by the drive oscilla-
tor and a digital-to-analog converter for controlling the
frequency of oscillation of the drive oscillator.
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Description

The present invention refers to a driving circuit of a
bridge or half-bridge stage that comprises means for
timing the different operating phases. More in particular,
this invention refers to a timing device for the precondi-
tioning (preheating) phases of the bridge or half-bridge
load. The invention is particularly useful for driving fluo-
rescent lamps.

Usually, the optimal ignition procedure of a fluores-
cent lamp requires the preheating of filaments for a
period of time that may vary between hundreds of milli-
seconds to a few seconds. The driving of the lamp
occurs by exploiting an appropriate resonant LC circuit
as schematically shown in the diagram of Fig. 1. The
frequency of oscillation imposed by the driving circuit
during the preheating phase is higher than the resonant
frequency of the LC circuit (that is of the load of the
bridge). Once the preheating phase is completed, the
driving frequency of the bridge or half-bridge stage is
diminished for increasing the voltage on the capacitor C
and therefore at the lamp terminals, up to a point of
reaching the arching voltage, thus igniting the lamp.

The preheating time may be preestablished in vari-
ous ways.

In the specific case of resonant loads as in the illus-
trated case of a fluorescent lamp, analog devices may
be employed, for example of the PTC type (Positive
Temperature Coefficient) or otherwise it is possible to
exploit the charge and discharge of external capacitors
that may be connected to a pin of the device which will
not interfere with the oscillating frequency of the driving
circuit of the power bridge stage.

Fig. 2 shows the example of a resonant load circuit
of a fluorescent lamp provided with a PTC device. Ini-
tially, the current flows through the PTC device, heating
the lamp electrodes by Joule effect, thus stimulating
thermoionic emission. As the current increases, the
resistance of the PTC device increases and the bridge's
load gradually becomes more similar to an LC circuit,
whose impedance tends to rapidly decrease thus
increasing the voltage on the lamp until it eventually
ignites. The timing of the preheating phase using a PTC
device is not very precise since it strongly depends on
the ambient temperature at which the system is operat-
ing (for example, it may depend on when and for how
long the lamp was previously turned on and on the heat
dissipation characteristics of the system).

The usual solution when a higher timing precision is
required for the preheat ignition sequence is that of
employing a timing counter (Timer) capable of counting
the oscillations of an auto-oscillating circuit (Oscillator)
and of producing an output signal that modifies the
oscillating frequency of the local oscillator of the driving
circuit. The adjustment of the duration of the preheating
period is obtained by modifying the value of an external
capacitor (CT) that regulates the oscillation frequency of
such a second oscillator, dedicated to this auxiliary tim-
ing function. This alternative way to regulate preheating
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time is more precise than that of the system shown in
Fig. 2 because it does not directly depend directly on
the temperature. However, it involves the integration of a
second oscillator as well as requiring a dedicated pin
(typically provided with a relative protection from elec-
trostatic discharges (ESD)) specifically for this function,
in addition to a further external capacitor CT.

Similar requirements may also occur when driving
resonant loads different from a fluorescent lamp and for
this reason the above discussed problem and the rela-
tive solution that is the object of the present invention
must be considered in more general terms and not limi-
tatively for the specific instance of a load constituted by
a fluorescent lamp.

The circuit arrangement of the present invention
allows for controlling the duration of the different pre-
conditioning or preheating phases, the timing of the
start-up or ignition and of attaining steady state operat-
ing conditions of a resonant load of a bridge or half-
bridge stage neither the integration of a second oscillat-
ing circuit nor the use of a pin of the device for connect-
ing an external capacitance for regulating the frequency
of oscillation of such a second or auxiliary oscillator.

The system of the invention is based on the use of
an n-bit digital counter that can be started up by a com-
mand generated by the logic circuitry of the control sys-
tem and capable of counting the oscillations generated
by the same oscillator of the driving circuit of the bridge
or half-bridge stage. The duration of the preheating
phases may be preestablished in the design stage or
programmable by means of suitable memories (PROM,
EPROM or EEPROM) or similar devices.

According to an important aspect of the circuit of
the invention, the n outputs of the timing digital counter
drive a digital-to-analog converter DAC, whose output
current is used for regulating a current controlled oscil-
lator (CCO) of the driving circuit.

By increasing the number of bits of the timing coun-
ter and the corresponding number of current generators
of the digital-to-analog converter, it is possible to
increase the number of steps through which the adjust-
ment of the driving circuit oscillation frequency takes
place, thus preventing excessively ample and abrupt
variations of the frequency of oscillation.

By modifying, by way of programming, an appropri-
ate decoding circuit, it is then possible to define the dif-
ferent duration intervals corresponding to the different
start-up phases, for example the preheating time, the
time of the decrement of the oscillation frequency (for
eventually determining the arching) and the time of
incrementing the frequency until reaching an appropri-
ate value for steady state operation.

Of course, programming can be defined by the fab-
rication masks or carried out by electric means on the
finished device.

The various aspects and relative advantages of this
invention will become even more evident through the fol-
lowing description of some important embodiments and
by referring to the enclosed drawings, wherein:
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Figure 1 shows, as previously mentioned, a typical
driving scheme for a fluorescent lamp;

Figure 2 shows, as previously mentioned, the driv-
ing scheme of a fluorescent lamp that comprises an
analog device for regulating the preheating time;

Figures 3, 3a and 3b schematically show, as previ-
ously mentioned, a block diagram of a driving circuit
employing a second oscillator and a timing counter
for controlling the preheating time and the relative
operation diagrams of the circuit;

Figures 4, 4a and 4b, schematically show a block
diagram of a circuit realized according to the
present invention and the relative operation dia-
grams;

Figure 5 is a more detailed diagram of an embodi-
ment of the invention;

Figures 6 and 7 represent the operation diagrams
of the circuit of Fig. 5;

Figure 8 shows an alternative embodiment of the
circuit.

The system of the invention is diagrammatically
shown in Figures 4, 4a and 4b. As it may be observed,
the diminishing of the oscillation frequency of the oscil-
lator of the driving circuit, after a certain preheating time
and the successive eventual increasing of the frequency
toward a steady state value, is realized by a timing
counter (Timer) that counts the number of oscillations
produced by the same local oscillator (Oscillator) of the
driving circuit, without the need of a second oscillator,
exclusively dedicated to the timing functions.

As shown in the diagrams of Figures 4a and 4b
illustrating the operating characteristics, the digital out-
put of the timer can be advantageously used for making
gradual the charge of the frequency from the initial oscil-
lation frequency that is maintained for a certain preheat
period toward a typically lower working frequency.

By using a standard digital-to-analog converter
(DAC) circuit a signal can be generated whose level is
incremented by a constant amount as the counting of
the number of oscillations by the counter proceeds.

According to a preferred embodiment of the inven-
tion, the circuit can be realized according to a functional
scheme as shown in Fig. 5. The timing counter (Timer)
is reset by a start-up signal generated by the logic circuit
of the control system.

A dedicated coding-decoding circuit CODIF.-
DECOD., that may be prearranged in the design stage
or programmable (according to methods already men-
tioned above) defines the time intervals of interest
(Tpreheat, Tsweep-down, Tsweep-up). This block, indi-
cated with PROM as a whole, can be realized in various
ways, functionally equivalent to each other as it is evi-
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dent to a technician. The CODIF. block can be intended
as a set of programmable connections, whereas the
DECOD. blocks may be viewed as a set of a NAND
gate.

The output signals (Tpreheat, Tsweep-down,
Tsweep-up) can be stored by bistable (Flip-Flops) cir-
cuits which attend to the functioning of the timer and
enable the DAC through a series of AND gates (A1, A2,
).

The n outputs of the counter (Q1, Q2, ..., Qn) drive
a digital-to-analog converter circuit (DAC) constituted by
the MOS transistor MO, M1, ... Mn, M30, M31, M(30+n)
and having a current output. The maximum output cur-
rent value of the of the losc converter, which constitutes
the control signal of the current controlled oscillator
(CCQ), is given by the following equation:

2
Imax=Imin+I* ,
2n

when the counter outputs Q1, Q2, Qn, are all low (i.e. to
a logic value "0").

The minimum losc value corresponds to the Imin
current produced by the first generator MO in a configu-
ration where all the counter outputs interfacing with the
DAC assume a high logic value ("1").

It is important to highlight the fact that the n number
of timer outputs and the number of the DAC inputs are
totally independent and as such, may advantageously
be different from each another. It is only for simplicity of
description that these were shown equal (equal to n).

As in the example shown, the timer may be realized
with an Up-Down Counter. This is reset by the start-up
signal.

From the moment the CCO oscillator starts to oscil-
late to the moment when the Tpreheat signal assumes
a logic state "1", thus determining the switching of the
output of the Flip-Flop FF1, the losc current remains
constant and given by the Imax value. Therefore, the
frequency of oscillation remains constant.

This phase defines the preheating or precondition-
ing time of the lamp (or of an equivalent load).

Depending from the programming of the decoding
circuit (DECOD.), the digital-to-analog converter DAC is
enabled through the logic gates A1, A2, ..., An when
Tpreheat switches to a high logic state. The same Tpre-
heat signal, suitably stored, resets the counter to zero
(Reset phase).

From this instant onwards, the oscillating frequency
decreases each time the output digital datum of the
timer varies.

The duration of the time intervals during which the
CCO oscillator oscillates at a constant frequency
becomes dependent on the oscillating frequency itself
(in other words, it increases as the frequency
decreases). This is highlighted in the operating charac-
teristics shown in Figures 6 and 7 by the nonuniform
duration of the steps.
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This second phase of operation terminates when
the Tsweep-down signal becomes high.

At this point, the aforementioned signal, suitably
stored by a bistable circuit FF2, commands a charge of
the mode of operation of the Counter; namely from an
Up-Counter mode to a Down-Counter mode.

In practice, the DAC retraces backward its previous
excursion. This means that the oscillator current starts
to increase again and with it the frequency of oscillation
of the system, always in a stepwise fashion.

The latter phase terminates when the Tsweep-Up
signal switches and with it the relative bistable circuit
FF3.

Generally, at this point, generally, the control may
commonly be assumed by another signal capable of
regulating the functioning of the system under normal
steady state condition.

Such a steady state control signal is highlighted in
the figures with the generic name of Feedback Signal.

In theory, the Tsweep-Up signal and the third bista-
ble circuit FF3 would not be strictly necessary because
the Feedback Signal could be enabled by means of the
FF2 Flip-Flop output, leaving to the system itself the
decision about which control mode to follow (that is the
one imposed by the Sweep-Up Signal or that governed
by the Feedback Signal).

According to this alternative embodiment shown in
Fig. 8, the system follows the curve of frequency incre-
ment up to the point of attaining the level determined by
the Feedback Signal. At this point, the circuit releases
itself from the Sweep-Up control and continues func-
tioning under control of the Feedback Signal, which sig-
nal by acting upon the Up/Down Counter and
consequently on the DAC, regulates the frequency of
oscillation, incrementing or decrementing it depending
on the external conditions.

In the embodiments of Figures 5 and 8, the use of
Flip-Flops of the JK type is shown, employing an
inverted clock signal, that is in phase opposition to the
clock signal of the timer, as provided by an appropriate
inverter INVC. This technique has the advantage of
avoiding the effects caused by spurious switching
(glitch) of the timer by ensuring that the bistable circuit
switch when the input signal are stabilized. Naturally,
this aspect is not strictly necessary to the functioning of
the circuit of the invention because the bistable circuits
(Flip-Flop) can also be of a different kind, not requiring
an inverted clock signal.

Claims

1. A circuit for driving a half-bridge or bridge stage at
a certain frequency comprising a local oscillator
and means capable of modifying for intervals of
time of a programmable duration the frequency of
oscillation during distinct phases of precondition-
ing, ignition and steady state operation, referred to
a load driven by the stage, characterized in that
said means comprise a timing counter capable of

10

15

20

25

30

35

40

45

50

55

counting the number of oscillations produced by
said local oscillator and a digital-to-analog con-
verter capable of generating a control signal of the
frequency of oscillation of the local oscillator.

The circuit according to claim 1, characterized in
that said timing counter is an n-bit reversible coun-
ter (Up-Down), whose n outputs are enabled to
drive a digital-to-analog converter having a current
output, which controls a current controlled local
oscillator.

The circuit according to claim 2, characterized in
that it comprises a programmable memory of the
read only, nonvolatile type capable of defining,
depending on the programming, the duration of
said distinct phases of operation.

The circuit according to claim 3, wherein said mem-
ory comprises a coding circuit capable of generat-
ing at least a first and a second timing signal and a
decoding circuit capable of receiving as input the
digital datum represented by the configuration of
the n-outputs of said counter;

at least a first and a second bistable circuit,
both employing as a clock signal a signal at the con-
trolled frequency of said local oscillator and capable
of receiving as input said first and said second tim-
ing logic signals, respectively;

said bistable circuits being respectively
capable of preloading said counter with a pro-
grammed value and to enable said n-outputs of the
counter to drive the respective stages of said dig-
ital-to-analog converter and of transferring the con-
trol of said counter to a steady state control signal.

The circuit according to claim 4, characterized in
that said decoding circuit generates a third timing
signal and the circuit comprises a third bistable cir-
cuit controlled by said third timing signal capable of
defining a phase of increment of the frequency from
a minimum value reached at the end of a starting
phase to a steady state value, before control is
transferred to said control signal.

The circuit according to any of the preceding
claims, characterized in that said bistable circuits
are Flip-Flops of the JK type employing an inverted
clock signal as referred to the clock signal that is
applied to said counter.

An integrated load driving system employing at
least a bridge output stage, characterized by com-
prising a timing circuit of distinct phases of opera-
tion as defined in the preceding claims.
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